Introduction
Calcium phosphate compounds such as hydroxyapatite [HA, Ca10(PO4)6(OH)2] and β-tricalcium phosphate [β-TCP, Ca3(PO4)2] are known as the biomaterial for bone filling due to their biocompatibility and osteoinductivity properties [1] . To achieve successful implantation in a difficult environment such as posterolateral lumbar fusion, osteoconductivity property must be combined with the porous structure of the biomaterial [2] . HA has a low resorption rate so that HA will remain in the body for a long time and hinders the constructive and reformative process as in a living bone tissue. While β-TCP even has good resorbability property, it has high biodegradability and might not persistent until the new bone formed [3] . β-calcium pyrophosphate [β-CPP, β-Ca2P2O7] has biodegradability in between HA and β-TCP. Moreover β-CPP has all properties needed as biomaterial such as the same osteoinductivity degree with HA, bioactive and nontoxic. β-CPP was reported has an excellent fusion rate compared to other calcium phosphate ceramics. Many researchers suggested using β-CPP as an alternative material for bone filling [4, 5, 6] . On the other hands, only a few report of β-CPP synthesis method available.
The sol-gel method can be used in the synthesis of calcium phosphate compounds. The sol-gel method is known as a simple method to produce high homogeneity, nanosized, and semi-crystallinephase product, also can be done at a relatively low temperature [7] . A study about the synthesis of HA with Ca/P molar ratio 1.5 -1.67 showed that for Ca/P = 1.5 a secondary product as β-TCP was found. The amounts of β-TCP were decreased as the increase of Ca/P and HA was found as the only product for synthesis with Ca/P= 1.67 [8] Ca/P= 1, ageing time of 24 hours and firing process at 600ºC also produced β-TCP as a secondary product [9] . Liu et al [10] studied structure evolution of HA on sol-gel method and found that amorphous gel transformed into crystalline by firing at 400ºC and above. So it can be concluded that production of calcium phosphate by the sol-gel method is determined by several factors such as Ca/P molar ratio, ageing time, and firing temperature. In this paper, β-CCP was synthesized by sol-gel method. As calcium and phosphorus precursors were used calcium nitrate tetrahydrate [Ca(NO3)2. 4H2O] and phosphorus pentoxide [P2O5], respectively.The reactions were carried out in ethanol medium with Ca/P ratio of 1.67. The reactions were conducted for 21 hours and continued by drying at 80°C for 20 hours to produce a white powder of amorphous calcium phosphate (ACP). Transformation of ACP to β-CPP was undertaken by firring at 400-800°C for 8 hours. The products were characterized by FTIR, XRD, and SEM-EDS to analyze calcium phosphate compound type, crystallite size and surface morphology. One hundred ml of 0.5 M P2O5 solution was added slowly to 100 ml of 1.67 M Ca(NO3)2. 4H2O solution. A gently mixing was conducted for 21 hours to form a stable gel phase. The Gel was washed with aquabidest and continued by drying process to produce amorphous calcium phosphate (ACP). The drying process of gel phase was proceed at 80°C for 20 hours. The dry powder of ACP was transformed to crystalline phase by firing process for 8 hours at various temperature of 400, 600 and 800ºC.
Experimental procedures
Products characterization were done by FTIR (Shimadzu) and XRD (Shimadzu XRD-7000). The mean crystallite size (d) of the particle base on XRD data was calculated by Scherer equation [11] .
Where λ is the wavelength, β is the full wide on the half-maximum (FWHM) of β-CPP line and θ is the diffraction angle. To confirm the surface and calcium to phosphorus molar ratio (Ca/P) of products, SEM-EDS (JSM-6510LA) was used.
Results and discussion
There are several stages in the synthesis of β-CPP by sol-gel method. At first, calcium and phosphorus precursors were dissolved in ethanol separately. Dissolving precursors in ethanol would produce sol, a nano-sized colloidal suspensions of solid in liquid. The X-rays diffraction analysis was performed using the CuKα source operated at 30 kV and 30 mA. The diffractograms were recorded at 2θ = 5 -90° with a scan speed of 2°/min and a step angle of 0.02°. XRD diffractogram of ACP with and without washing with aquabidest indicated that washing process was razed ACP crystal structure (figure 2). Morphology changed due to firing, in which irregular shape of β-CPP at 400° changed to regular cuboid at 600 °C and above (figure 4). The Ca/P and Ca/O ratio of products decreased as firing temperature increases, from 1.06 to 0.88 for Ca/P ratio and 0.23 to 1.21 for Ca/O ratio (table 1) . Those numbers are closed to Ca/P ratio and Ca/O ratio of β-CPP that are Ca/P= 1 and Ca/O=0.29. 
Conclusions
Synthesis of β-CPP can be done by sol-gel method with Ca/P ratio precursors of 1.67, reaction time of 21 hours, drying process at 80°C for 20 hours and firing temperature at 800°C for 8 hours. The β-CPP has crystallite size of 61.71 nm, Ca/P ratio of 0.89 and Ca/O ratio of 0.21. Morphology changes due to firing in which irregular shape of β-CPP at 400° changed to regular cuboid at 600 °C and above.
